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Real–time detection of single electron tunneling through a T–shaped double quantum dot is sim-
ulated, based on a Monte Carlo scheme. The double dot is embedded in a dissipative environment,
and the presence of electrons on the double dot is detected with a nearby quantum point contact.
We demonstrate directly the bunching behavior in electron transport, which leads eventually to a
super–Poissonian noise. Particularly, in the context of full counting statistics, we investigate the
essential difference between the dephasing mechanisms induced by the quantum point contact detec-
tion and the coupling to the external phonon bath. A number of intriguing noise features associated
with various transport mechanisms are revealed.
PACS numbers: 72.70.+m, 73.23.Hk, 73.63.-b, 03.65.Ta
I. INTRODUCTION
To control and manipulate electronic dynamics in
nanoscale devices it requires knowledge of the involv-
ing transport processes at single–electron level. The
spectrum of current fluctuations, which characterizes the
degree of correlation between charge transport events,
serves as an essential tool superior to the average cur-
rent in distinguishing various transport mechanisms.1,2
Full counting statistics (FCS) of current3,4 has also been
measured,5–10 owing in particular to the development of
highly sensitive on–chip detection of single–electron tun-
neling technique. All statistical cumulants of the number
of transferred particles can now be extracted experimen-
tally.
Current fluctuations would obey a Poissonian process
if the tunneling events were statistically independent.
However, non-Poissonian fluctuation is in general a real-
ity. In the case of transport through a localized state, the
Pauli exclusion principle suppresses the noise,11 leading
to a sub-Poissonian statistics. Systems of multiple non-
local states such as coupled quantum dots12 are more
interesting. The intrinsic quantum coherence and many–
particle interactions there result in different sources of
correlations. The fascinating super-Poissionian noise
thus occurs in various contexts, and thereby has been
attracting a wide interest recently.
A representing system, which will be studied in this
work, is a T–shaped double quantum dot (TDQD)
system,13–15 as schematically shown in Fig. 1. The sys-
tem is of particular interest, as it can be mapped to a
structure of quantum well in presence of an impurity in-
side, which has been investigated experimentally.16 The
source and drain electrodes of the TDQD are in such a
configuration that maximizes locality versus nonlocality
contrast. In addition, the TDQD is also influenced by an
inevitable dissipative environment. The nearby quantum
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FIG. 1: Schematics of electron transport through a TDQD
system, monitored continuously by the QPC current that de-
pends on the charge state for excess electrons on two dots
individually. The TDQD is also coupled to an inevitable dis-
sipative phonon environment (not shown explicitly).
point contact (QPC) that serves as a charge detector is
asymmetrically coupled to the dots. The current through
the QPC depends on the charge state, (n1,n2), for excess
electrons on two dots individually. Electron tunneling
through the TDQD results in temporal changes in the
charge state, and thus fluctuations in the QPC current.
In this work, we first simulate the real–time detection
of single electron tunneling through TDQD in experi-
mental setup of Fig. 1. The real–time simulation will be
carried out based on a Monte Carlo approach to quantum
master equation.17 In particular, we demonstrate trans-
parently the electron bunching, i.e., the super–Poissonian
noise of charge transfer. The FCS is then studied, and the
result shows good agreement with those obtained from
Monte Carlo simulation. It therefore verifies the validity
of our Monte Carlo method for real–time measurement.
Particularly, it is found that the FCS is capable of dif-
ferentiating between the dephasing effect induced by the
2QPC charge detection and that by the coupling to the
dissipative bath environment. A number of intriguing
noise features will be revealed in association with vari-
ous mechanisms, demonstrating thus the sensitivity and
selectivity of cumulants to different transport properties.
The paper is organized as follows. We describe the
TDQD system and conditional quantum master equa-
tion in Sec. II. The Monte Carlo simulation of real–time
detection of single electron tunneling is summarized in
Sec. III, together with the electron bunching behavior
demonstrated vividly for the system in study. Having
the FCS theory reviewed in Sec. IV, we present the re-
sults and discussions in Sec. V. Finally, we conclude in
Sec. VI.
II. QUANTUM MASTER EQUATION THEORY
OF QUANTUM MEASUREMENT
A. Model device
Let us start with the model setup for the QPC de-
tection of single–electron tunneling through TDQD, as
sketched in Fig. 1. The total Hamiltonian consists of the
coupled dots system, the environment, and the coupling
between them; i.e. H = Hsys + Henv + Hsys−env. The
electron Hamiltonian for the coupled dots system reads
Hsys =
∑
σ
(1
2
ǫQˆzσ+ΩQˆxσ
)
+
∑
l
Ulnˆl↑nˆl↓+U
′nˆ1nˆ2, (1)
where Qˆzσ ≡ d†1σd1σ − d†2σd2σ, Qˆxσ ≡ d†1σd2σ + d†2σd1σ,
nˆl =
∑
σ nˆlσ, and nˆlσ = d
†
lσdlσ , with dlσ (d
†
lσ) the elec-
tron annihilation (creation) operator in the QD1 (l = 1)
or QD2 (l = 2). Each quantum dot is assumed to have
only one spin–degenerate level (σ = ↑ or ↓) in the bias
window. The level detuning between the two dots is
ǫ = ǫ1 − ǫ2. The interdot coupling strength is Ω. The
intradot and interdot Coulomb interactions, Ul and U
′,
are both assumed to be much larger than the Fermi lev-
els. We shall be interested in the double-dot Coulomb
blockade regime,18,19 i.e. at most one electron resides in
the TDQD. It can be realized in experiments by proper
tuning the gate and bias voltages.20
The environment is of Henv = hph +
∑
α hα + hQPC.
It is composed of the phonon bath, the electron reser-
voirs of the source and drain (α = L and R) elec-
trodes, as well as the QPC detector. Each of them is
modeled as a collection of noninteracting particles. The
phonon bath assumes hph =
1
2
∑
j ~ωj(p
2
j+x
2
j). The elec-
tron reservoirs are modeled with hα =
∑
k,σ ǫαkc
†
αkσcαkσ
and hQPC =
∑
p,σ ǫpc
†
pσcpσ +
∑
q,σ ǫqc
†
qσcqσ , respectively.
These electronic parts are written in terms of electron
creation and annihilation operators in the α-electrode
and the QPC reservoirs states.
The system–environment coupling can be written as
Hsys−env =
∑
σ
QˆzσFph +
∑
α,σ
(d†1σfασ + f
†
ασd1σ)
+
∑
s=0,1,2
nˆsF
QPC
s . (2)
The first term describes the coupling with phonon bath,
in which Fph ≡
∑
j λjxj . This term is responsible for the
dot level energy fluctuations. The effect of phonon bath
on the double–dot system is characterized by the phonon
interaction spectral density, Jph(ω) =
∑
j |λj |2δ(ω−ωj).
The second term describes the transfer coupling between
QD1 and the leads, in which fασ ≡
∑
k tαkσcαkσ. The
third term describes the interaction between the QPC
detector and the measured system, in which FQPCs ≡∑
p,q,σ(tspqc
†
pσcqσ+H.c.). The amplitude of electron tun-
neling through the QPC depends on the TDQD charge
state nˆs = |s〉〈s|, with s = 0 for no excess electrons,
and s = 1 or 2 for one excess electron in QD1 or QD2,
respectively. In other words, the current through the
QPC sensitively depends on the charge states of the
TDQD, and thus can be used to measure single elec-
tron tunneling events. The effects of these electron reser-
voirs components on the double–dot system are charac-
terized individually by their interaction spectral densi-
ties: Jα(ω) =
∑
kσ |tαkσ|2δ(ω − ǫαk), and JQPCs (ω) =∑
p,q,σ |tspq|2δ(ω − ǫpσ + ǫqσ), respectively.
In the Coulomb blockade regime, together with large
source–drain voltage, the tunneling between QD1 and
the electrode α =L or R can be characterized by the rate
Γα(ω) = 2π
∑
kσ |tαkσ |2δ(ω − ǫαk). In what follows we
adopt flat bands in the electrodes, which yields energy in-
dependent couplings Γα. Analogously, the coupling with
the QPC is described by the rate Ts = 2πgpgq|tspq|2VQPC,
where VQPC is the QPC bias voltage, gp and gq are the
density of states in the QPC reservoirs. We assume here-
after the density of states to be constant, and tspq reser-
voir states independent. Thus Ts just depends on the
system charge occupation state |s〉〈s|, with s = 0 being
for zero excess electron, and s = 1 or 2 for one excess
electron in QD1 or QD2, respectively. For the QPC cur-
rent, Is = eTs, we have I0 > I2 > I1, as implied in the
scheme of Fig. 1.
B. Quantum master equation theory
To describe the quantum measurement, we exploit
the reduced density operator ρ(n)(t) of the TDQD sys-
tem, for the specified number n electrons having passed
through the QPC detector and being recorded up to
the given time. The related conditional quantum mas-
ter equation can be derived, which is greatly simplified
under the Born–Markov approximation.18,19,21,22 Here,
instead of using the “n”–resolved equation directly, it
is convenient to introduce its χ–space counterpart via
ρ(χ, t) ≡∑n einχρ(n)(t), where χ is the so–called count-
3ing field. Let the quantum master equation be formally
∂
∂t
ρ(χ, t) = −(iL+Rχ)ρ(χ, t), (3)
where L · ≡ [Hsys, · ] is the system Liouvillian, and Rχ is
the dissipation superoperator to be specified soon. Here-
after, we set unit of ~ = e = 1 for the Planck constant
and electron charge, unless where is needed for clarity.
To that end, let us recast the reduced density matrix
in the vector notation,
ρ = (ρ00, ρ11, ρ22, ρ12, ρ21, ρ1¯1¯, ρ2¯2¯, ρ1¯2¯, ρ2¯1¯)
T , (4)
with ρss′ ≡ 〈s ↑ | ρ |s ↑〉 and ρs¯s¯′ ≡ 〈s ↓ | ρ |s ↓〉. There
are 9 nonzero elements of the reduced density matrix in
the Coulomb blockade regime. The other 16 elements,
describing coherence between different spin states, are all
zeroes as the system–environment coupling consider here
does not cause spin flip. The dissipation superoperator
Rχ in Eq. (3) is simply a 9× 9 matrix.
In the large voltage limit and Coulomb blockade
regime, the involving Fermi functions can be approxi-
mated by the step function of either one or zero. Un-
der the Born-Markov approximation for weak tunnel
coupling and second–order perturbation theory in the
electron–phonon coupling, the dissipation superoperator
Rχ matrix is obtained explicitly
Rχ =


2ΓL + T0 q(χ) −ΓR 0 0 0 −ΓR 0 0 0
−ΓL ΓR + T1 q(χ) 0 0 0 0 0 0 0
0 0 T2 q(χ) 0 0 0 0 0 0
0 Γ+ Γ− Γd 0 0 0 0 0
0 Γ+ Γ− 0 Γd 0 0 0 0
−ΓL 0 0 0 0 ΓR + T1 q(χ) 0 0 0
0 0 0 0 0 0 T2 q(χ) 0 0
0 0 0 0 0 Γ+ Γ− Γd 0
0 0 0 0 0 Γ+ Γ− 0 Γd


. (5)
Here we have introduced
Γ± =
π
2
Ω
∆
Jph(∆)
[
1± ǫ
∆
coth
( ∆
2kBT
)]
, (6)
Γd =
1
2
(ΓR + γph + γχ), (7)
and
γph = 2π
Ω2
∆2
Jph(∆) coth
(
∆
2kBT
)
, (8)
γχ = (
√
T1 −
√
T2)2 + 2
√
T1T2q(χ), (9)
with q(χ) ≡ 1− eiχ, ∆ ≡ √ǫ2 + 4Ω2 the Rabi frequency
of the double–dot system, kB the Boltzman constant, and
T the temperature. The physical processes described by
the transfer elements in Eq. (5) are clear.23–25
Consider Rχ11,00 = −ΓL, Rχ00,11 = −ΓR, and their op-
posite spin counterparts, as inferred from Eq. (5). These
identities agree with the sequential tunneling picture,
with ΓL being the rate of electron tunneling from the
left electrode to system, and ΓR being that from system
to the right electrode; both via QD1.
The parameter Γ± [Eq. (6)] denotes the nonsecular el-
ements for the population–to–coherence transfers: Γ+ ≡
Rχ12,11 = Rχ21,11, Γ− ≡ Rχ12,22 = Rχ21,22, and their oppo-
site spin counterparts, as denoted in Eq. (5). They are
purely due to the phonon bath environment.
The parameter Γd [Eq. (7)] is the total decoherence
rate between two levels: Γd ≡ Rχ12,12 = Rχ21,21 and the
opposite spin counterparts, as denoted in Eq. (5). The
total decoherence rate is composed of not just ΓR due
to the electron depopulation to collector, but also γph
[Eq. (8)] and γχ [Eq. (9)], due to the phonon bath cou-
pling and the QPC detection, respectively. Note that
γd ≡ γχ=0 = (
√T1 −
√T2)2 denotes the dephasing rate
induced by the existence of QPC ensemble.
In the numerical demonstrations below, we set the
phonon bath spectral density Jph(ω) = 2ηωe
−ω/ωc. Here,
the dimensionless parameter η reflects the strength of dis-
sipation and ωc is the Ohmic high energy cutoff.
III. MONTE CARLO SIMULATION OF SINGLE
ELECTRON TUNNELING
Experimentally, the most intuitive method for measur-
ing the FCS of electron transport is to count electrons
passing one by one through the conductor. The real–
time detection of single electron transport enables direct
evaluation of the probability distribution function of the
number of electrons transferred through device within a
given time period. In addition to the current and the
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FIG. 2: Time traces of the QPC current fluctuations correspond to different charge states in the TDQD (shown on the right).
The arrows indicate transitions where an electron is entering the QD1 from the left lead. (a) and (b) correspond to different
temperatures T = 100mK and T = 800mK, respectively. Other parameters are: ΓR = 4ΓL = Ω = 20 kHz, ǫ = −4Ω,
η = 2 × 10−6, and ωc = 0.4meV. The time step used is τ=0.002ms, such that the minimum characteristic time-scale of the
system can be clearly resolved.
shot noise, which are the first and second moments of
this distribution, this method gives also access to higher
order cumulants.
Here we outline the Monte Carlo simulation scheme
for single electron tunneling through device.17 Let us
start with the quantum master equation (3) and denote
Lχ ≡ −iL−Rχ there. The solution to the reduced state
simply reads ρ(χ, t) = eLχδtρ(χ, t0), for an arbitrary ini-
tial condition ρ(χ, t0) = ρ(t0) and finite time interval
δt ≡ t− t0. Its counterpart in the particle number “n”–
space is obtained via the inverse Fourier transform
ρ(n)(t) =
∫ 2pi
0
dχ
2π
eLχδt−inχρ(t0) ≡ U(n, δt)ρ(t0). (10)
The involving propagator U(n, δt) is completely deter-
mined by the dynamic structure of the master equation
(3), regardless of the initial state. Therefore, we can nu-
merically evaluate it by a “one–time task”, such as fast
Fourier transform, which results in an efficient real–time
simulation.
Specifically, consider the evolution of state ρ(tj) at tj
to ρ(nj)(tj+τ) at tj+τ : ρ
(nj)(tj+τ) = U(nj , τ)ρ(tj), and
denote Pr(nj) ≡ Tr[ρ(nj)(tj + τ)] that is the probability
of having nj electrons passed through QPC during the
time interval [tj , tj + τ ]. If the measurement is made but
the result is ignored, then the (mixture) state reads
ρ(tj + τ) =
∑
nj
ρ(nj)(tj + τ) =
∑
nj
Pr(nj)ρ
c(nj , tj + τ).
(11)
Here, ρc(nj , tj + τ) = ρ
(nj)(tj + τ)/Pr(nj) is the nor-
malized state, conditioned by the definite number of nj
electrons having passed through QPC during [tj , tj + τ ].
The second equality of Eq. (11) implies that if we stochas-
tically generate nj according to Pr(nj) for each time in-
terval [tj , tj + τ ], and collapse the state definitely onto
ρc(nj , tj + τ), we have in fact simulated a particular re-
alization for the selective state evolution conditioned on
the specific measurement results.
For the output current in a particular real–time mea-
surement, we have
IQPC(t) = I0ρ
c
00+I1(ρ
c
11+ρ
c
1¯1¯)+I2(ρ
c
22+ρ
c
2¯2¯)+ξ(t). (12)
The first three terms determine the conditional evolution
of the charge state. The last term ξ(t) originates from the
intrinsic noise of detector. Here, we consider in the diffu-
sive regime, where ξ(t) is a Gaussian variable with zero
mean value and the spectral density Sξ = 2e〈IQPC〉, with
〈IQPC〉 the average stationary QPC current. Accordingly,
we can stochastically generate nj , the number of elec-
trons having passed through QPC during [tj , tj + τ ], via
nj =
∫ tj+τ
tj
dt′IQPC(t
′) = [I0ρ
c
00 + I1(ρ
c
11 + ρ
c
1¯1¯) + I2(ρ
c
22 +
ρc2¯2¯)]τ + dW (tj), where dW (tj) is the Wiener increment
during [tj , tj + τ ].
A typical example of simulated real–time detector cur-
rent IQPC is displayed in Fig. 2 for (a) T = 100mK and
(b) T = 800mK, respectively. The temperatures are
much smaller than the bias voltage across the TDQD, as
well as the interdot and the intradot charging energies.
Thus, electrons are transported in one direction, i.e. from
the left lead to the right one. The corresponding charge
states (n1, n2) of the TDQD, with n1 and n2 being the
excess electrons in QD1 and QD2, respectively, are shown
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FIG. 3: Statistical distribution of the number N of electrons
entering the TDQD during a given measurement time span
of tc = 3ms for (a) T = 100mK, and (b) T = 800mK,
respectively. The other parameters are the same as in Fig. 2.
The solid line shows the distribution calculated from Eq. (16).
on the right. We choose rates of tunneling to the left and
right leads as ΓL = 5kHz and ΓR = 20kHz, such that all
the tunneling rates are within the bandwidth (∼ 30 kHz)
of the QPC detector.9 The QPC conductance (without
excess electrons in TDQD) is G0 = 0.02 e
2/h, and QPC
bias voltage VQPC = 0.15mV, which corresponds to a
QPC current I0 ≈ 0.12nA. The conductance is assumed
to decrease by 4% or 2%, when an electron occupies on
the QD1 or QD2, respectively. The corresponding QPC
currents are I1 ≈ 0.115 nA and I2 ≈ 0.118 nA. The rate
of dephasing due to QPC charge detection26 is then de-
termined as γd =
1
e (
√
I1 −
√
I2)
2 ≈ 75 kHz.
In Fig. 2, each arrow indicates the tunneling of one elec-
tron from the left lead into QD1. Accordingly, a charge
state transition (0,0)→(1,0) occurs. Remarkably, we ob-
serve a clear signature of electron bunching, especially
when temperature is high, as shown in Fig. 2(b). This
phenomenon can be understood in terms of dynamical
channel blockade, as will be explained later in more de-
tail. For a thorough analysis of the statistical properties
for electron transport through the TDQD device, we re-
sort to the FCS. It is enabled by the probability distri-
bution for the number N of electrons entering the QD1
from the left lead (the down steps indicated by arrows
in Fig. 2) during a given time span tc, by counting the
number of electrons from the time traces analogous to
the ones shown in Fig. 2. The obtained current distribu-
tions for T = 100mK and T = 800mK are displayed by
histograms in Fig. 3(a) and (b), respectively, by repeat-
ing this counting procedure on one thousand independent
traces with the measurement time span of tc = 3ms.
IV. FULL COUNTING STATISTICS THEORY
We consider hereafter the counting statistics of cur-
rent through the TDQD device. The central quantity
is then the probability that a given N electrons have
passed through the device during the counting measure-
ment time span tc. This probability is related to the
particle–number–resolved reduced density operator as
P (N, tc) ≡ Trρ(N)(tc), where the trace is over the system
degrees of freedom. Note here “N” denotes the number
of electrons transferred through the device, rather than
the QPC detector considered earlier. From the knowl-
edge of these probabilities one can easily derive not only
the current and noise, but all the cumulants of the cur-
rent distribution. The associated cumulant generating
function (CGF) g(ϕ) reads
eg(ϕ) =
∑
N
P (N, tc)e
−iNϕ, (13)
where ϕ is the counting field on a specified TDQD lead.
All cumulants of the current can be obtained from the
CGF by performing derivatives with respect to the count-
ing field
〈Ik〉 = −(−i∂ϕ)kg(ϕ)|ϕ=0. (14)
The first three cumulants are related to the average cur-
rent, the (zero-frequency) current noise, and the skew-
ness, respectively.
To evaluate the CGF, let us consider ̺(ϕ, t) ≡∑
N ρ
(N)(t)eiNϕ. Its equation of motion reads
˙̺(ϕ, t) ≡ Lϕ̺(ϕ, t). (15)
The involving generator Lϕ is completely determined
by the associated conditional master equation,17 which
is similar to Eq. (3) but with the number of electrons
passing through the TDQD device being resolved. The
formal solution to Eq. (15) is ̺(ϕ, t) = eLϕt̺(ϕ, 0).
Straightforwardly, the CGF is determined as g(ϕ) =
− ln{Tr̺(ϕ, tc)}. Actually, we are most interested in the
zero-frequency limit, i.e. the counting time tc is much
longer than the time of tunneling through the system.
The CGF then simplifies to g(ϕ) = −λmin(ϕ)tc, where
λmin(ϕ) is the minimal eigenvalue of Lϕ that satisfies
λmin(ϕ → 0) → 0.4,27–29 With the knowledge of CGF,
the distribution function can be readily obtained via3
P (N) =
∫ 2pi
0
dϕ
2π
e−g(ϕ)−iNϕ. (16)
V. RESULTS AND DISCUSSIONS
In what follows, we focus our analysis on electron tun-
neling from the left lead to QD1. The relevant N is
then the number of electrons entering the dot from left
lead, and ϕ is the corresponding counting field. Note the
same calculations apply to the counting for the right lead.
The numerical results for the probability distribution are
plotted by the solid lines in Fig. 3. It shows a striking
agreement with the histograms obtained by Monte Carlo
simulation; thus, it also verifies the validity of our Monte
Carlo method for real–time measurement. The two dis-
tributions in Fig. 3(a) and (b) are rather different. The
latter shows a broader and more asymmetric distribution
6than the former. We characterize the differences quanti-
tatively based on the FCS analysis, as follows.
Consider first the situation without electron-phonon
interaction (η = 0). The first current cumulant gives the
average current 〈I〉 = 2ΓLΓR/Γeff , with Γeff ≡ 4ΓL + ΓR
the total effective tunneling width.18,19 It is independent
of level detuning ǫ, interdot coupling Ω, and QPC charge
detection induced dephasing γd. In contrast to the cur-
rent, valuable information can be extracted in the second
cumulant (zero-frequency shot noise). By expressing it in
terms of the Fano factor F ≡ 〈I2〉/〈I〉, we readily obtain
F = 1− 8ΓLΓR
Γ2eff
+ 2Γ2LΓR
(γd + ΓR)
2 + 4ǫ2
(γd + ΓR)Γ2effΩ
2
. (17)
It thus allows us to get more knowledge than the current
on the processes involved in the electronic transport. In
Fig. 4(a), the Fano factor F is plotted against the level
detuning ǫ for different QPC–induced dephasing rates γd.
Noticeably, a significantly enhanced Fano factor is ex-
pected when the dot levels are far from resonance. In this
case, electron transitions between the two dots are sup-
pressed. For instance, if an electron is tunneled into QD2,
it will dwell on it for a long time. In the strong Coulomb
blockade regime, the electron in QD2 will block the cur-
rent until it is removed and tunneled out to the right
lead. Consequently, a mechanism of dynamical channel
blockade is developed,19,24,33–37 and the system exhibits
strong electron bunching behavior, which leads eventu-
ally to a profound super–Poissonian noise.
It is worth noting that a strong super–Poissonian noise
is more readily achieved for a small Ω [cf. Eq. (17)]. In
this case, electron tunneling between the two dots is
suppressed, which would enhance electron localization of
electron in QD2. Electrons thus tend to be transferred
in bunches. Remarkably, as Ω→ 0 a diverging Fano fac-
tor is found. Here, the strong bunching behavior is re-
sponsible for the divergency.38 Similar results were also
reported in Ref. 39, where counting statistics for electron
transport through a double–dot Aharonov–Bohm inter-
ferometer was investigated. However, in that case the di-
vergence is closely related to a separation of the Hilbert
space of the double–dot into disconnected subspaces that
contain the spin singlet and triplet states for double oc-
cupancy.
The QPC charge detection has a two–fold effect on the
measured system. On one hand, it causes dephasing be-
tween the two dot–levels. Generally, the dephasing mech-
anism leads to the suppression of noise,24 which explains
the γd–dependence of the Fano factor shown in Fig. 4,
i.e. the noise is reduced with rising dephasing rate, par-
ticularly in the regime far from resonance. On the other
hand, the measurement gives rise to the so–called quan-
tum “Zeno” effect,30–32 which dominates in the regime
of large dephasing rate, and results in a strong dynamic
charge blockade behavior. The noise is finally enhanced
with increasing dephasing rate, as we have checked (not
shown in Fig. 4).
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FIG. 4: (a) Fano factor and (b) normalized skewness ver-
sus level detuning for different QPC–induced dephasing rates.
The electron charge is set to be e = 1. The temperature is
T=100mK, and the other parameters are the same as in Fig. 2,
but in the absence of phonon bath; i.e., η = 0.
The Fano factor studied so far proves to be much sen-
sitive than the average current, it only reveals, however,
limited information about the QPC charge detection in-
duced dephasing mechanism. We thus expect more infor-
mation to be extracted in the next order cumulant, i.e.
the skewness. The numerical results for the normalized
skewness S ≡ 〈I3〉/〈I〉 is displayed in Fig. 4(b) as a func-
tion of level detuning ǫ. Without QPC charge detection
induced dephasing, the skewness reaches the maximum
when the dot levels are in resonance (ǫ = 0). As the de-
phasing rate grows, it turns into a local minimum. At the
edges of the resonance a double maximum structure sym-
metric around ǫ = 0 is observed. The local maxima shift
away from resonance with increasing dephasing rates, as
clearly demonstrated in Fig. 4(b).
Now let us turn to the influence of phonon heat bath
that induces dephasing between two dots. We will reveal
the essential difference between the dephasing induced
via QPC charge detection and that by phonon coupling.
The former can be modified via the coupling between the
TDQD and the QPC, while the latter is generated with
emission and absorption of phonons and increases with
rising temperature. Here, we limit our discussions to the
temperatures well below the Coulomb charging energies
and the bias voltage. Therefore the temperature acts
solely due to the coupling to the phonon heat bath.
The calculated Fano factor and normalized skewness
versus level detuning are plotted in Fig. 5 for different
temperatures. Increasing temperature results in the en-
hancement of phonon–bath induced dephasing, as the
emission and absorption of phonons occur more fre-
quently. Analogous to the QPC detection, it gives rise
to a mechanism of localization in QD2, and consequently
to a dynamical channel blockade. Eventually, electron
transport through QD1 occurs in bunches during lapses
of time when the QD2 is empty. This is confirmed by
the real–time trajectory [cf. Fig. 2(b)]. Thus the noise in-
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FIG. 5: (a) Fano factor and (b) normalized skewness versus
level detuning for different temperatures with γd = 75 kHz.
The electron charge is set to be e = 1. The other parameters
are the same as in Fig. 2, including those of phonon heat bath
of η = 2× 10−6 and ωc = 0.4meV.
creases with rising temperature, as displayed in Fig. 5(a).
If the TDQD is coupled only to the QPC, the cumu-
lants are symmetric around ǫ = 0, as shown in Fig. 4.
However, with non–zero coupling to the heat bath the
noise exhibits a clear asymmetry (see Fig. 5). This is
essentially due to another consequences of phonon cou-
pling: The phonon mediated transition can partially re-
solve the dynamical charge blockade.24,40 For instance, at
zero temperature and ǫ > 0, spontaneous phonon emis-
sion can partially lift the localization caused by dephas-
ing, and the spectrum turns out to be asymmetric. Simi-
lar argument applies to the regime of finite temperature,
where both phonon absorption and emission take place.
The fact that emission is more likely than absorption ex-
plains the observed asymmetry.
The skewness of the current distribution, which was
not explored in Ref. 24, is found to be more sensitive to
thermal phonon bath–induced dephasing. Without cou-
pling to the phonon bath, the skewness shows a symmet-
ric double maximum structure. The spectral becomes
asymmetric in the presence of electron–phonon interac-
tion. With increasing temperature, the phonon absorp-
tion takes place more frequently at ǫ < 0 , and thus
greatly enhance the local maximum. While in the oppo-
site regime of ǫ > 0 the local maximum is reduced due to
suppressed phonon emission.
VI. SUMMARY
We have investigated electron transport through a T–
shaped double quantum dot system by utilizing a quan-
tum master equation approach. The major advantage of
the present approach is its simplicity of treating prop-
erly the dephasing mechanism of the QPC charge detec-
tion and that due to an external heat bath. In addition,
this approach has the merit of dealing with other sources
of dephasing, such as that entailed by anti-resonances.41
Particularly, based on the Monte Carlo scheme, real-time
detection of single electron tunneling is simulated by ex-
ploiting the sensitivity of a current, passing through a
nearby quantum point contact, to the fluctuating charge
on the quantum dots. Owing to the interplay between
the Coulomb interactions and the dephasing mechanisms,
a strong bunching behavior in the charge transfer was
detected, which leads eventually to a super–Poissonian
noise.
Furthermore, full counting statistics of the transport
current is analyzed based on the probability distribu-
tion, which is determined by ensemble average over a
large number of single trajectories. It is demonstrated
that the dephasing mechanism of the QPC charge detec-
tion and that owing to the external heat bath give rise
to distinct and intriguing features. It thereby enables
us to achieve a clear identification of different dephas-
ing sources. Investigations of various processes involved
in the electronic transport through similar devices are
highly desirable in experiments.
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